Spaipching PAJ 



1/2 V 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 1 0-1 35575 

(43)Date of publication of application : 22.05.1 998 



(51)Int.CI. 



HOIS 3/18 
H01L 21/205 
H01L 29/12 
H01L 33/00 



(21) Application number : 09-037990 

(22) Date of filing : 21 .02.1 997 



(71) Applicant 

(72) Inventor : 



TOSHIBA CORP 

SUGIURA RISA 
SUZUKI MARIKO 
ITAYA KAZUHIKO 
FUJIMOTO HIDETOSHI 
NISHIO JOJI 
JOHN RENNIE 
SUGAWARA HIDETO 



(30)Priority 

Priority number : 08236744 



Priority date : 06.09.1 996 Priority country : JP 



(54) NITRIDE BASE SEMICONDUCTOR ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize the duration and enhancement of 
the reliability, by eliminating the heat treatment after growing process to 
materialize the cost down and enhancement of productivity for improving 
the quality of a p type conductive layer. 

SOLUTION: This semiconductor element is composed of a laminated 
structure made of at least an n type InxAlyGazBI-x-y-zNmPnAsl-m-n 
(0=x. 0=y, 0=z, 0<x+y+z<1, 0<m, 0<n, 0<(including m+n<1) layer (14) and 
p type InxAlyGazBI-x-y-zNmPnAsl-m-n (0<x, 0<y, 0<z. 0<x+y+z<1. 
0<m, 0<n, 0 < including m+n<1) layer (19) and an electrode (22). In such 
a composition, the surface oxygen concentration of the p type 
InxAlyGazBI-x-y-zNmPnAsl-m-n layer 19 is specified not to exceed 5 
X 1018cm-3. 



19 




LEGAL STATUS 

[Date of request for examination] 26.03.2001 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 



http://www1 9.ipdl.ncipi.goJp/PA1 /result/detail/main/wAAAExaW55DA41 01 35575P1 .htm 



2004/12/08 



Searching PAJ 



2/2 ^—iy 



' * , * * * 

[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1998.2003 Japan Patent Office 



http://www1 S.ipdl.ncipi.go jp/PAl /result/detail/main/wAAAExaW55DA41 01 35575P1 .htm 



2004/12/08 



(19)B*H^?F/f (JP) 



(12) IS 4^ 1^ ^ ^ (A) 



#ffi¥10- 135575 

(43)^BBB ¥^10^(1998)5^223 



(51) Intel.' 
HOIS 3/18 
H 0 1 L 21/205 
29/12 
33/00 



F I 

HOIS 3/18 
H 0 1 L 21/205 
33/00 
29/14 



mtm^ IS*«®»12 OL (^22H) 



(2l)fflH## 


!|$S¥9 -37990 


(71)fflaA 


000003078 














(22)ffiSB 


¥^^9^(1997) 2 ^21 B 




»5Ss;((ia;ii«ri3^E«;iii«r72«« 
















i^H^pS- 236744 




»^il|»il|«frff^K/MSl«S»r 1 »* 


i ^ 


(32)ff5feH 


sp8 (1996)9 ^6 B 








(33)fi^ig^sa 


B* (JP) 
































mmmm 












#sS5/i[iR;ii«T&#K/MSiA^irr 1 m 


a m 


















mL ^ (^i-6«) 















(54) ^{tife^^«**c3R^Rr^-e(^)S!it*s 



(57) [WM 

mm ^wm. ^mk<D^Mm^^-^ 

mi {ID ±ti. ^^^:< t 

I Aly Gaz Bl-x-y-z Nd Pn ASl-m- 

X. O^y. O^z. O^x + y+z^K 
^n. 0<m+n^ 1 ^^tf) S ( 1 4 ) i: 

I A 1 >- Ga^: Bl-x-y-z No P.. ASl-o-i 

X. O^y. O^z. O^x + y + z^K 
^n. 0<m+n^ 1 ^^ts) m (19) t 

pMI nx Aly G az Bi -x-y-z No 
1 o-n @<7)^ffi^«?5Ja7)^5X 1 0'' cm 



^) n S I n 
n (0^ 
0<m. 0 
^ I n 
n (0^ 
0<m. 0 
. (2 

Pn A s 



19- 
18- 
17- 
16- 

14' 



12" 



21 22pmm.m 



p -GaN 



p-A£GaN 



GflN 



In GaN 



GaN 



n-AiGoN 



-21 



20 n<ffl«S 




■ • • '(2) 

1 

IiS*Jl 1 ] 2&K±(C. ii'-t- < t ^) I n, A I V 
Gaz Bi X V-. Nt, P„ Asi-o (O^x, OS 
y, O^z, O^x + y + z^K 0<m, O^n, 0 
<m+nSl Sr^tf) mt. p^In. Al,- Ga. B 
I .-yw No Pn Asi...„ (OSx. O^y, 0^ 
OSx + y+z^K 0<m. O^n. 0<m+n 

mip&l nr Aly Gaz Bi-.-y. N= P„ As 10 

Gaz Bl-x y-z No Pn ASl-m-„ (O^x, 

y, O^z, O^x + y + z^K 0<m, O^n, 0 
<m+n^l^^ij) mt^ pMI n, Aly Ga. B 
i-x-y-z N„ P„ Asi-„-„ (O^x, O^y, 0^ 
z, O^x + y+z^K 0<m. O^n. 0<m+n 

4iiff#:Si^(Ii5U^T, 20 
HUfifipainx Aly Gaz Bi-,-y-z No Pn As 

1 - . - „ m<^^mi^mMmii. 5 x i o " c m- ^ ti.TT-* 
im^m 3 ] m^m 1 xtiw^i^js 2 iiK«(7)gf tt/?. 

i>4'< nMI nx Aly Gaz Bl-x-y-z No Pn 

Asi o-n (O^x. OSy, O^z, O^x + y+ z 30 
^1, 0<m, O^n, 0<m+ I i-^tf) mt. 
^M^*ij5)K5X 1 0'* cm n:iT(7)pMI nx Aly 

Gaz Bl x-y-z No P„ ASl-o-n (O^x. 0^ 

y, O^z, 0<x + y + z^l, 0<m, O^n, 0 

fflfiS:ftS(Ci5V»TiJ'^^:< t ^^^•7^T-v't7A (Mg) 
fb-g-WWcT>^-T (NH3 ) ^^tjWMif^RV 

SCIJ: 0, milBpMI n, Aly Gaz Bi-,-y-zN^ 40 

Pn Asi.o-n m'ki^ir^-t^zti^^t-^^mm^ 

'P^^itiinmin. Aly Gaz Bl-.-y-z No Pn 

Asi-m-n (O^x. O^y. O^z. O^x + y + z 
0<m. O^n, 0<m+n^ 1 «-i-tr) mt. 
^ffij^-^iSS 5 X 1 0" cm-'JarOpMI n, Aly 

Gaz Bl-x-y-z No Pn ASl-o-n (O^x, 0^ 

y, O^z, O^x + y + z^K 0<m, O^n, 0 



10-135575 

2 

ffi^SSlC:fo</^Tii'^=5.-< t ^)WtS-7^'*^-v">A (Mg) 
it'^nmzTy^-r (NH3 ) ^-^tsWMifT.lSiU 

nm^izmmffT. f> ^ -s> + ^ u r t^;-;;^ im^^tzfiSLmiB 

gUi t). MEpSI nx Aly Gaz Bi-x-y-zNo 

^mi^mT-iz}i\,-x. 

nm^mmi. iStt^RO'MEpMI nx Aly Gaz 
Bi-.-y-z No Pn Asi-o-n (O^x, O^y. 0^ 
z, OSx + y+z^l, 0<m. O^n. O^m+n 

fltJKpMI nx Aly Gaz Bi-x-y-z No Pn As 

i-o-n m^*'j'^^j:< tii2mA^h^^'o. t<^^^m<Dmiz 

imim 7 1 m^m i xi±it*s 2 i.zMm(^Mim?h 
^mmi^iza^^x. 

HflEpMInx Aly Gaz Bi-x-,-z No Pn As 
1-0-n (O^x, O^y, O^z, O^x + y + z^ 
K 0<m. 0^n> 0 <m4- n ^ 1 Sr^tr) gi±. 'J^^ 

X Aly Gaz Bl-x-y-z No Pn Asi-o n (0<X 

^0. 3, 0<y, O^z, 0<x + y + z^l, 0< 
m, O^n, 0<m+n^l^^tf) @^iix.T#g;i-' 

8 1 6 xi±it*a 7 iziim.(om.imjh 

^i&^m=?-iZio\,^X. 

BuKpffllnx Aly Gaz Bi-x-y-z No Pn As 
i-o-n (0<x^0. 3, O^y, O^z, 0<x + y 
+ z^K 0<m, O^n, 0<m+n^l i^ts) m 
ttui£pMInx Aly Gaz Bi-x-y-z No Pn As 
i-o-n mt(7)mi.z\i. pSIns Alq Gar B 

I-s-q-r Nm Pn Asi-o-n (OgS<0. 3, S< 

X, O^q. O^r, O^s + q + r^U 0<m. 0 

im^m 9 1 m^m e iztim<r>m.it^m^^i^mT-{z 

miiepainx Aly Gaz Bi-x-y-z No Pn As 
I-o-n (0<x^0. 3, OSy, O^z. 0<x + y 
+ z^K 0<m, O^n, 0 <m+ n ^ 1 ?:#tr) © 
<r>m^li. 5 0 nmT^/Sl 5 0 0 nm<7)|6gai*l{I*)'5.C 

im^m 1 0 1 4 xiim^^m 5 uK®<oMft!t^ 
m^^:ai^m'f-<Dmm:^mzi3\.^x. 

i'-^-v'^A (Mg) fb^%a£C>*C^^:V'J -^A (G 



■(3) 

3 

a) , ^t^T^u^^-^A (A I) it'^^m<o^m&mw. 

BUBSpMInx Alv Gaz Bi.,-,-z P., As 
i-a „ (O^x. O^y^ O^z. O^x + y+z^ 
K 0<m, O^n, 0 <m+ n ^ 1 Sr-a-tr) ©(i. mi 10 

umm. 1 2 ] 1 0 iztin(^mim^^^ui^m 

i^m<7)mm^j:m.m] 20 
[0001] 

[0 0 0 2] 

ft:U-^f (JJ.T> LDi:t>.^^) ffl(7)+t;p|-i: LT. G a 30 
N^tltibt LTA 1 G a N^cogfkl^m^^igflr^yOJJig $ 
iiTv^^o S7t:#{C. I n G a A 1 N^^.r^B^ali, III- 

+> y7'?r*L. 0. 2-0. 6 m=m=^ fiP^.*fe~^ 
[0 0 0 3] ^Ofi<7)afb!t%.^<#iSft:*t*2l.^fflv^/iiii® 

[0 0 0 4] ffi-«ty±Aa(7)%*^T-^Mii-r'g.*3l^. P 40 
A 1 G aN.?<*t#tCi5V^-Cli. nmm^mimLXli. 

s i i7[^m.^tLxm^^^^t{zi:i'). mmm^itm^ 
[0 0 0 5] -:f;. pMsaj^irMLTii, \mm<^m 
^±^ m%\ y-^^> h tLx-^VH-'yy^ (Mg) xi* 

M«& (Zn) *«+-V'Jr:*fX (H2 ) Rl/T 

>=^-TiS7. (NH3 ) ^-IC. 1 1 0 0 rSl^cOiSiaiC 50 



t^PfS^ 1 0 - 1 3 5 5 7 5 
4 

^A 1 /1^4^ffiif&-r'&:^^*%'&o 

[0 0 0 6] LtJ- L^TTjJib , - (7):^^-efm l/jM g k 

-T^G aN^RU-'A 1 G a N^^t'<^Mg K-^S-ftl^^ 

[0 0 0 7] :iil[±««J;tl^. Z nS.OTVIgW^*6^Slt7)m 
(liTi^i^lv^Ci:^. 4$UMOCVDS(zJ;-Sfig:ftT-(±. 1^. 

«0?4®^*E%<7)^4UJ: l9> Mg^ZnCOT^'-feT'^'-v. 
<7)?S14ft:^^^Slf'b;l^-5i:#x.c>nS (J. A. VanV 
echten et al.,Jpn. J.Appl. 
Phys. 31 (199 2) 366 2) o 
[0008] MgK- 7*1 nAlGa N^liMOCVD 

W{k\zmdc^ ^ i T-p$j^i- ^ Fall z N Hj ^ + -v; 

%r';^-f9^W tM^\^mt^^x\^tntz^. 
t LTi^ffitJtetCi&^o «?IJx(f, MgTin X 1 0-'" cm 
-^nmKXQ a Ntl K-T'^n/;^^. 7K*i^JKli 5 X 
1 0" cm 'Sl^t^o-Cv^^o ClOMg K-7'GaN 

m^\^X'm3^^^fzT>Y--:fyM^ \ k-t'g 

aNgiclt^, 1 01$W±(^7R«illKi:=&-oTioi9. -i^ 
- Jl' jfJ^-t' C - ^\WW£ t'lC i; f) ^ a s g r o w n T- 

[0009]:idL;t:as grow nX%WinX^h 
Mg K--/G aNHtc^tL. S^Ha.M (H. Ama n 

0 et al., Jpn. J. Appl. Phys. 
28 (1989) L2112) ^SI^^S (S. N a k a 
mura et al., Jpn. J. Appl. Ph 
ys. 31 (1992) 1258) tcif). MgCOfStt 

LD5IJgco^?l^^^?^rTV^-5. (S. Nakamura 
et al. , Jpn. J. Appl. Phys. 3 
5, (1 9 9 6) L 7 4. ) o 

[0 0 10] ctoT, -«s6Uic(±, Mg Y—fmmik 
^^m^m\^. -^(Tymi&mz 6 o ot:- s o ox:m.m<^m 

« X # H ^ 4- T- 7K« ^ ilSa ^ -t*- ^ 7^.: * <7) Sftiaa^ (7) 

[0 0 1 1] z.(DJ:o^^BMmi:m.<D^k. Mg v--fm 
^mm^mima. Mg<^?gi±fk{cj:o pms^^^i- 

[0 0 12] 112 5liSfb!i*)?5^3$f*:^fflv>7tAfflfitJiSr 

m^^^wi^-^<^m^i7r^-tmAmx'hh. c<75#fe 

»f(i, W^^ig^+glSfiffi (MOCVD) ?i 

T) . GaNT*)a2, GaN=i>5'^' h^3. nSA 

1 G a NmftA^i 4 . I n G a N 



5 

p (MQw) mmi^-t^i^ms. pma ! ghns 

i/t}±AS 6 . p mm^Hi^^-r^fziiXD p MG a n > 

[0 0 131 ::<?)fl<^^.^filiS<7)ffMBfl-(±. -m^. 
I n G a li?^.(7)im.m 5 '} T t LTtR* 

7!lM£ffl?^^'So I n G a NiSIt^ 5 cOffMBfC 

^StSiil-iiv^T, p ® A 1 G a N^iJfEriAe 6 S.C/p 
SGaN=?>^'^' hg7^ffMBttC{i. paK-/^°>^ 
t LTMg ^^t-So =fc±3. Mg(±figfi4'(C(iiS14 10 

100 14] :L(DM^(^'\k. yy'iJ^y^>i^m~X 
GzH^y^i^ h@ 7±{c(±p{iJ'Bffi9;)^ffM^n^.o 

^ <7> J: 9 8 , 9 m^rSL ^ ixtz^m^^ ^ m ^ 

^ivhr, 20 
[0 0 15] Lf)-L^j:i)^h. ifl±. 

pSG aN3>5'i^ vmmmmM^z.nmiiu^'^-t^ 

«};lL^r±AL<J; -9 t-ti>t. 0 VJ.J.±tc± 

#L. pfija^S9i£^75^Tifeia?nTLS do ^iOi^^: 
P4li 4-81*1-^ /::46(Ci±. piBJI|^19c0 3>5';^ hmi 

[0 0 16] :i<7)Wfe#3i#:u— y-'uov^T. M 

«#H*:'t'waft4aistuf^<oMg. im. mM^m 30 

Stv^T) (cj; i9|^-<7^jo ^<Dm^. 1112 6{c^-rJ:o 
(c) , (H) . (o) i±, 

1 - 2 tiT^> ^ < Itlii ^;fi-2> ^ t ;^**^o 
[0 0 1 7] fMoT. pfflGaN:3>J'^' h®7tpffl 40 

M g U^C>'oi,>-CMg;5qFTg14fb?^t-a C tTi^^tf 

[0 0 18] iiii^ fSL^m^um\zm.m. m.m^§r\.^^^ 

^Kir^kff) (1) - (3) (C^-TiTirPpTO^-So 50 



t$P^¥ 1 0- 1 3 5 5 7 5 
6 

(1) Mg-:$<7)K-/-f> K73?g14ft:^$^^i£T^-ti:. 
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MSff^^m) -CS i O2 ^co-^x^' 9 9{CJ: f?S#?RS:S 

-^Xi? 9 9^^^*?^tTpSI nG aN 10 
^.¥ii{*^ 8 7 7i^3[5]@<7)fi6:ft(CJ: ^?ffM^i^'5>X@«• 

[0 0 3 9] ST, ±3iELf-*Me.g<^#T-IC*o\^T, 

[0 0 4 01 if *]® 1 (-itlSi-^^^li, »S±(c, ii-^ 
'i<i:&nMInx Alv Ga^ Bi-,-y-^ N. P„ A 
si-D-n (O^x, O^y, 0^2, O^x + y + zS 

1, 0<m, O^n, 0<m+ 1 ^-^tf) mt^ p 
Minx Aly Ga, Bi-x-y-^ P„ As 

i.D-„ (O^x, O^y, O^z, O^x + y + z^ 20 
1, 0<m, O^n, 0<m+ 1 *#tf) mt. W. 

miKpainx Aly Ga. Bi-x-y-j Nm P,, As 
/S<7)^®®^^i^)?g7!i^5 X 1 0'* c m-nj.T-e^-l> 

[0 0 4 1] i/c. m^m2imjZ'-r^§^mii. &WLt 

IC, iJ'^^< t^E) nMI nx Aly G az Bi-,-y-z N» 
Pn Asi-^-n (OSx. OSy, OSz, O^x + y 
+ z^K 0<m, O^n, 0 <m+ n ^ 1 ^^tr) ® 
i:, pSInx Aly GazBi-x-y-z N- P„ As 30 
i-.,-n (O^x, 0^y> 0^z> O^x + y + z^ 
1, 0<m. O^n, 0<m+ 1 ^-g-tr) Mt, W. 

HfflSpSInx Aly Gaz Bi-.-y-z P., As 
i-o-„ m<^^mRWMm:d^5X l O" cm-'UT-eab^ 

[0 0 4 2] $f>ic. il*]l3«+Si-^l&Wi±, IS* 

[0 0 4 3] ttz. immA izn^^i-^b^mii. mm± 

Aly Gaz Bi-x-y-z Nc P.I Asi-o-n (0^x> 
O^y, O^z, G^x + y + z^K 0<m. 0^ 
n, 0<m+n^ 1 4r#tr) mt. 5 X 1 

0'* cm'JUTOpMI nx Aly Gaz Bi-v-y-z N 
□ Pn Asi-m„ (O^x, O^y, O^z, 0^x + 
y+z^K 0<m. O^n, 0<m+ 1 ?:-g-tf) 
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< t ^>^ie-7y^.v't7A (Mg) fk-&«t>'{CT>^^ 
T (NH3 ) ^^trEfl-*'xaC>'^HBf)Ua^*-/^7)-ib 

n. AiyGaz Bi-,.y.z Nn Pn Asi-o-n JS?rff^ 

[0 0 4 41 iB3jca5ii*trL.i--ai&^{±, 

X Aly Gaz Bl-x y-z No Pn Asi-n-n (0^ 

X, O^y, O^z, O^x + y + z^K 0<m, 0 
^n, 0<m+ng 1 ^-atf) mt. ^Mj^^iSlgSX 
1 O'-' cm-H:JlT<7)pMI nx Aly Gaz Bi-,-y-z 
Nr. P„ Asi-o-n (O^x, O^y, O^z. O^x 
+ y + z^l, 0<m, O^n, 0<m+n^lS-# 

SI nx Aly G az Bi-x-y-z N. P„ A si m-n m 

[0 0 4 51 tfz. %m-^&\ztm-ti>^mt. ii*is 

nM¥^f*«. ?S1±8S.?/m)iepai n, Aly G 

az Bl-x-y-z Nd Pn Asi-m-n (O^X, O^V, 

O^z, O^x + y+z^l, 0<m, 0^n> O^m 

mrlEpMInx Aly Gaz Bi-x-y-z P„ As 

istt^ I n<7)^^5-itxl±, O^^S-rtCO. SWTT'^) 

[0 0 4 61 ^h\Z^ iS*]g7mEi:-1-^%H^I±, l»* 

T, HjIfipMlnx Aly Gaz Bi-x-y-z N» Pn A 
si-o-n (O^x, O^y, O^z, OSx + y + z^ 
K 0<m, O^n, 0 <m+ n ^ 1 Sl±, 

2@7)^P>^i9. -e-fiOft^Mcoe LTpSI n 

x Al, Gaz Bl-x-y-z Pn Asi-m-n (0<X 

^0. 3, O^y, OSz, 0<x + y+z^l, 0< 
m, O^n, 0<m+n^ 1 ^^tr) ^*«lx.T#®7S-' 

*-^MgX(iz n ^y\-^'m3itmt Lx^tsm^m^^^u 

[0 0 4 71 itz. iS>Rii8(c*-fci:.-r^%B^;±. %%im. 
6 x(±iB«s 7 {ztm-t^m.imjh^T»wmi-\zi5\^^ 

ItlEpfflInx Aly Gaz Bi-x-y-z N,. P„ A 
si-o-n (0<x^0. 3, O^y, O^z, 0<x + 
y+z^l, 0<m, O^n. 0 <m+ n ^ 1 5r^tr) 

etflffiepffllnx Aly Gaz B.-x-y-z N. Pn A 

si-o-„ ^ttOMCJi, pMIns Al, Gar B 

1-5 q-r Na Pn ASl-o n (0^S<0. 3x S< 

X, O^q, O^r, O^s+q + r^K 0<m, 0 
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^n. 0<m+n^ 1 *^tr) ^^fSx.T'-iMftl^,^,*^? 

[0 0 4 8] m^m9[ztiiZ'i-^^m±. 

1 nx A Is Gaz Bl x-y z No Pn Asi-n-n (0 

<x^0. 3. O^y. O^z, 0<x + y + zgl, 
0<m, O^n. 0<m+ 1 ^-g-tr) ^(7)^1975^5 
0 nmTiMl 5 0 0 nmff)mm\*HZ^^mit'^^^Mi^ 

[0 0 4 9] S/:. ifJ|?Jll 0(li=tl£.i-^#§B^I±, ISjR 10 

s 4 xiiss*js 5 \ztm'irhm.\m^.^u%mi'(r>m.^ 

v\ ml^-^m-^f^-'y^i- (Mg) <b^t>a£y-'(c^1t>y 

V-^^A (Ga) , W*ST;W5-'^A (A1) |k^!t^)^CO 

^ >; T i: LT*«*'^ ^ffl 
v\ -?-<7)]g:Sl=^t-*itt^*«iSK75-'0. 8^S%7iM 

2 0^S%O|EHi*llc*^aftti?<*^f*;«i^<75^it:^ 

[0 0 5 0] $e>ic, if*Jii 1 \ztm-t^wm. w 

*Jl 4 Xl± W^ltJl 5 \Z.nm- ^Mftt;**©f$:«T-<7)M 20 
ji:^itlci3v^-C. miiepffll n. Al, Gaz B 

l-x-y-z No Pn Asi-D-n (OSx. O^y. OS 

z. O^x + y + zSK 0<m. OSn^ 0<m+n 
[0 0 5 1 ] 2(lWCi:.i--2.^0^t±, 

Ml 2 %m<r>^mn\zh^mm^.^mimi-(r>m.'&-n 
[0 0 5 2] am) iSo-c. tmm i {iJ^s-r-s^sB^ 

^<t^>nMIn, Aly Gaz Bi-x-y-z No P.. A 
si-..„ (OSx. OSy. OSz, OSx + y+zS 
K 0<m. OSn. 0 <m+ n < 1 ^#tr) p 

Sinx Aly Gaz Bi-x-y-z No P„ As 

i-».„ (OSxs O^y^ OSz, OSx + y + zS 

Is 0<m, OSn. 0<m+n^ 1 ^r^tf) St. 'H 40 

1ii:<7)fRS^fii^fix, :i<75pMInx Aly Gaz B 

..x.v.z No P 

0'" cm-UjLTi: Lfz<DX\ J: -S.^®<7>i^«t/Lft 

[0 0 5 3] ifz. sB*:g2(citCii.1--&|§B^l±. 13*11 
Hzam-r^pmi AL Gaz Bi-.-y-z N^ P 
„ Asi-n-n ®0^ffij^m-iKS«- 5 X 1 0" c m H:JLT 50 
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[0 0 5 4] $f>u. sB*]S3 i;*=fis-r-&i§?^ii. 
■t^j:^-ibmT-[^^^^izim.tfiX'^hfzi^. m^m 

tA^X'^i>o 

[0 0 5 5] ?e>(i, iS5Ril4 (c*tct-r-&§6Wi±. S1£ 
±fc. J: !K i^^'fc < t ^> I n 

, Aly Gaz Bl-x-y-z Nn Pn ASl-o-n (OS 

X. OSy. OSz. OSx + y + zSK 0<m. 0 
Sn. 0<m+ nS 1 ^^tr) ^i:. Sffi^^iigSSX 
1 0'* cm-H:i.T<7)piy I nx Aly Gaz Bi-x-y-z 
No Pn Asi-o-n (OSx. OSy. OSzs OSx 
+ y + zSK 0<m. OSn, 0<m+nSl^^ 

tr) et. 'mmt<Dmmmm^MmLxm.im^^^mi$ 
m^imm-timAz. mm^m±m^iQi&mmz}B\.-x 

ij'^^:< i:(>W^-r^^7-v^A (Mg) fb#t;3femrT> 
■t-T (NH3 ) ^^trJ^^2l.:*-xS.D-'||Hfi<]lca*:**;^ 

fflinx Aly Gaz Bl-,-y-z No Pn ASl-o-n S 

[0 0 5 6] ifc. il*a5!CitJS1-'&#&B>^(±. IIaJ^JS 
4t;*tiS-r^pfflI nx Aly Gaz Bi-,.y-z N. P 
,. Asi-o-n gcoftH^M^IlKSr 5 X 1 0'" c m"'JiJ.T 

i: Lfz<DX\ Bt*:s 4 tc^^fiti.-t ^^^ffl t mm<^im 
[0 0 5 7] ^h\z. m^^e^ztm-thmm. nm 

^^Wm. ?Stt@5.t>*pfflI n, Al, Gaz B 

l-x-y-z No Pn Asi-o-n (OSx, OSy, OS 

z, OSx + y + zSl, 0<m. OSn. OSm+n 

In, Aly Gaz Bl-x-y-z No Pn A S 1 - o - n ffl 

il'-:^< t^) 2^/i^'^^:f9, -?-c7)aSM<7)S{^i3lt^ I n 
cOffi53-Ji:x^O^^*-r:~0. SMTii-r-?)^ tici 

®W^rlEHtca^Lfc<75T% iSJlt:^ 1 X(±IS5)^Jl2 t^it 

[0 0 5 8] ^h\z^ ifi*Jl7{;i=fS^-5,|§B^(±. pM 

I nx Aly Gaz Bl x-y-z Na Pn ASl.o-n (0 

Sx, OSy. OSz. OSx + y+zSl. 0 <m. 
OSn, 0<m+nS 1 Sr^tr) ^(±, 'p^j:<.tii2m 
-e«OS^®<75^i: LTpMI n« Aly Ga 
z Bl-x-y-z No Pn Asi-o-„ (0<xSO. 3. 0 
Sy. OSZs 0<x+y+zSl. 0<m. 0<n, 
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Z n iT-m.^ycm tLX^isZtlzan. K-/^■ > h x 

[0 0 5 9] tfz. m^msizim-f^^mit. psii 

nx Aly Gaz Bi-.-v-z P,, Asi-^-n (0< 
x^O. 3, O^y, O^z, 0<x + y + z^K 0 

X Aly Gaz Bl-x-y-. No P„ ASl-o-n StOffi 

pMIns Al, Gar Bi-s-,-r No Pn As 10 
i.a n (0^s<0. 3> s<x. O^q^ OSr. 0 
^s + q+r^K 0<m, O^n, 0<m+ngl^ 

[0 0 6 0] ^hiz^ mMm9iziifZ'-r:h^mii. pm 

I nx Aly Gaz Bi-xy-a N™ Pn Asi- = -„ (0 
<x^0. 3, O^y, O^z, 0<x + y + 2gl. 
0<m. O^n, 0<m+n^li:'^tf) m<Dmmi)^5 20 
0 nmJb^l 5 0 0 nm<7)mBl*=HZ$)^Zbl,ZX'0. p 
Sin, Aly Gaz Bi-,-y-z N. P„ Asi.«-„li 

com:m^mm^j:m.mi,zmM-r^<r)x\ m^meizn^-r 
^i'?m'S:^WjK':>mmzm-r^ztA^x'^:ho 
[0 0 6 1] t/z. m^mi oiztm-t^^mii. i.^ 

^'')Tif:^tLxmmif^^:m^\ *^-7^'*^-->'>A 
(Mg) it^m^mz:Umif')'y^ (Ga) , ^mT)U 

mif:^=t^ij<DX\ ^^im'^cr)MgiZ'0\.^Xl±m^if 
^<7)imiZXili^^t^ix. WM-ff^<P<nMgl,Z<>\.^X 30 

ii7Kmif^izxioiw,mf^<D^miiiimLXMgi^m 
i^m'pKi^x^^^<-r^(nx\ m^m^xmn^ms 
^zni;E-i-^imtmm(Dim{zm^. xn-m. Mg<D 

[0 0 6 2] lt*iMl 1 {c*4-iSi-^^^i±, p 

SInx Aly Gaz Bi-x-y-z N» P„ As 
i-D-n (O^x, O^y, O^z, OSx + y + zS 
1> 0<m, O^n, 0<m+ nS 1 ^^tf) mtLX 

^^fr/ET-^^U-t-?) i> y ^> ^o:>y.^-rivi)^^m^^XU g 40 
«-imDL,-CffM1--SC ttli 0. G aN(CiJ(tSN-if-l' 
h <r>^^l^'A'yx § . M g ^ G a ■^j-'f KC A ^ < ^-tJ: 

-sfTjT-. is*3i 4 x(iii*Ji 5 [zn^^-t^m t mmn 

ftffltcJbPx., J: 0-1, Mg<Di^itm(D^±im^Z 
tii^X'b^o 

(0 0 6 31 ttz. iB*Jii 2u*=fn£.-r^i§B^(±, a« 

^f'XfiOijftfli: LTI±, **:^x<7)vjEfii7)5fg7iMl 2 5 

'J ^)^< TMg<^)^#:*';^<7)55-S?<^<*tf "bn-SB^S'^^ffl 50 
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u<r>\'^m^^w,i)^^m.mzm-t i> zt^^x-^. mmum 

[0 0 6 4] 

[0 0 6 5] (^1 (ommmm) m i n^^mff^m i 

a^L^vvN'y ■7r®*:frL, T^K-T'GaNTttS 
12, nMGa'N^'y^i^ ymi 3. nMAIGaNa 
y£i±AS 1 4 , G a l^^if^ 1 5 , I n G a Nig1± 
©16, G a Nytif-i K© 1 7 , pMA 1 G a N^Dttri 
Xm 1 8 S.i>'pSG aN::3>^'^'h^l9 ^m^. ffM 

[0 0 6 6] c:(7)^JltSit(±, ^<7)—^i}ipmGaN=i 

3 \.z'M-t^m^ tX'h'y^:Ly^> i^'itizX 
ix. ZHI.zX<omiii^ixfzG ali=i>9 9 hmi 3±{Z 
li n HJ'a® 2 0 Ti^ffM ? ^XT V ^ ^ o 
[0 0 6 7] ifz. ^St»j£-el^*^^^^v^a5^3-<7)pia 
GaNnv^'^'hgl 9±{C(iffii;1t5*?S<^/ii6<7)S i O 
2 «2 l;&^il*?eiJ(CfM^^^> -1(7)5 i 02 m2 IRV 
pSG aN=7>5':>' 1 9±{Cpffl«M2 2^5~ffM$ 

[0 0 6 8] *ltJfecom^t::^-i)*Sf*^— Zffy 
J: T II #© fgi£ ti n raa^R p ilOmffi ^ L -C V ^ -5, o 

[0 0 6 9] i¥*ffll±f*:5E-r^75^ pSA 1 GaN 

w.\^-&xm 1 8 aj>'pffi!G aii^iy 9 9 hm 1 9 

Bt, S-il^Mf^WP^jSiSfllCli, Mg-7|c«<7)?I^^<7> 
ffM * laih L r M g coig-ttf b ^ EI -5. , ^ ' J T 

[0 0 7 0] J-J.±oJ;T^it^Sf*:i-— ^fcoMii:^ 
[0 0 7 1] l<7>i|i2g«:U-Hfli, ja*n<7)M0C VDvi 

^zxloim^i^^o Mm^izitm^is. ^m^mmm-t 

LX. :^^)Vif')^ U (TMG) , hV^-^^ur^l- 
= -r>A (TMA) > h pJ-f-JU-T Vv-jzA (TM 
I) , tf^.v^u'^:^^ vJ^— ;u-7i^;t,->'t7A (Cp2 
Mg) 75M£ffl:&^i-'5>o iS7.WM>^\^X\i. T>^-T 
(NH3 ) , V7> (S i H4 ) 7jJjJffl^it-?)o ^-v'J 

TifT. t Lxiiyi^mRvmm^^^mm^ixi., 
[0 0 7 2] t-r, "tyr^rmui 1 1±> ^^j^ti^s. 

-f 1 (±, #)£(C-C, *^75J2 5 Ly»<Dm.&x- 

i^X^ix^^m^fX. iMSl 2 0 orr-^^l 0 53-K, 
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[0 0 7 3J -^-^r -f T2l1gl l±(l. 5 5 or 

1 0 ox:. ^\')Tif7,tLX7i^mii^2 0. 5L/^T- 
i/t^ix, r >-t:::T75«9. 5 L/^. TMG^JU 0 0 c 
c X^(Dm&X' 6 0 ^Fflffif & ? n ^ ^ t ic J: 0 . < y 7 

[0 0 7 41 $ ^(Z S i H4 75* 1 0 c c X^co-M&vm 

fetV^T, TMATi^e 0 c c/i5-T-i/t^n-S)^ tiz 
J: . nSA 1 G a N^taAS 1 4 75^fM?^t-&o ^ 
::-C% S i H4 Rl/TMA^m^W'±t^ix. G a N^fe 
^'-f 1 mmLtzT> h'-y'G a NT*^ 1 2 

[0 0 7 51 -^(Dm. Z(D&m^m:^^7 8 OTC^-CP^ia 
^^t. +^ ■;T:**7,;!)Ja*2 0. 5 L/:8-lC^#x. f> 

T>^-T3{i«9. 5/55-. TMG^*9 c T 
M 1 7;)*'4 6 5 c c/5i-<r>MX'm3 0^mmX^ixi>:i 
t (C i !) , I n G a N)g1±S 1 6 75^fM$^^^o 
[0 0 7 61 I n G a Nffitt^ 1 6 (DW^^k. *^iag 
1 1 0 0t:(:#;a:^^x. l l O 0*Ct-iiL;^^i: 
^-VJT**X75'-SJ/7K«2 0. 5/:9-(c^0#x.P> 
it. G a N7fe**-f 1 7 75^ G a N^fe^'-f Kg 1 5 t 

[0 0 7 7] ^riJ. G aNTfe^^'-f KB 1 7 t±. S**^ 

®T'^)>5) I nGaNSl 6 ^-^S^tK^IC § e>1-:: i: 

[0 0 7 81 J-mc7)fi£S,lffS.C/P#{^@tCi5(t-5. + Y 

[0 0 7 91 RiSSW] *l§B^timv\ pMm^^^ff^ 

[0 0 8 01 G a N^fe^'^f 1 7 OffMf*, U T 
**;^*^*a«2 0. 5 L/:S-(r«[3#x.<bn. 7>-=E--T7!)^ 
9. 5L/^3-. TMGtJH 0 0 c c/$3-. TMAtJ^S 0 
cc/:»-. Rl/pmh'-/^> hl¥M<^Cp2 Mg75^2 5 
c c/53-et|&$n, GaN7t:*'< K® 1 7±{C, 0. 2 
5 ,(/ mlptfO p ^Al G a N'S«tv±A^ 1 8 ? ix 
Cpi' Mg;4^'5 0 c c/:9-t-liiD^a, 0. 
7 ,u mm<^ pMG =1 y 9 ir l 9;4^ffM^itSo 

[0 0 8 1 1 HL. C p2 Mg, TMGafeC/UTMAcT) 

m^m^X'^ (K^Jx.lfO. 8-20 co^Hrt t 
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[0 0 8 21 pm.\i.t:m<^fS.&^m~ii^-'X^ ± 

(NH3 ) <^itl±0. 5^ti£7>^a<. 0. l-10<75fa 
[0 0 8 3] pfflG aN=J>5'^' 1 9fiS:«s. 

±mwM(r>^^i}mit^iu mm^ ^ r 2 o . 5 

10 /S-^ SC''T>^-T9. 5L/:8-<7)c^75<?|^rc§tt*& 

ft^&liS'tgjaiSTi^S 5 Ot:tcJiLfcl^lc^it^i^>&o 
[0 0 8 41 [itm^l 1 ] t ratt«7):^ri-c-*)«.o i- 

j^wffiftss. Rrf^nmcom^^uiza^^x, 

[0 0 8 51 [Jt«c0lJ 2 ] M^E L /c:$:§&B^<7)^M5t^J<7)^ 

fiifeft^-^ pmmmmff)!S:S:imizx±^^')Tif:^[z 

[0 0 8 61 (fFfffi) 

( c - V if j^) z.ixh. mmm. itmm i r x/mmi 2 

[0 0 8 7] -?-<7)is*, **fimi<7)Kitsf(±. nmmmLx 
p af52S)i ^ ?#7t:o (Dmmmmm-iz ij tt -s. p m a 1 

G aN«yfty±AS 1 8 liT 5' -tr7'r5'?a]£^-'6 X 1 0'* c 
m-'r-*(). pSG a N3>5'^' 1 9(iT^'-b7°5' 
30 iSi&-^^9 XI 0'* c m-'-eab^o -r4-*5*>> MM^co^ 
m-Xii. WipMBi^m 1 8, 1 9^^tCMg>i«Ti'-tr7"^' 

[0 0 8 8] -yf. itf^m 1 s.t>*Jt^CRi 2 <7)u.Wi. 

^mmLXiinm.in.X'^10. pmitL^j:i^-^fzo 'Xlc. 
Zixhitmm 1 5:0''Jt«S)5lJ2 (7)S^^M«»H^^'T' 7 

5 0*0. 3o^F^. m^mLfzm. mmizc-vm^i 

'^i-j:^tzt:i^. pMA 1 G aN'€i;t?±A^ 1 8I±T^' 
-tT'^'i^l^TJU X 1 0'* c m ' t^f}, pMGaN^f^ 
^i' Vm\ 9l±T^'-fc7'5'igJt7iM X 1 0'* cm-'i:^ 
40 oT, Ugii^T ^t-f^r tl,Xx^i\:LX^^tZo 

[0 0 8 9] (i-viflij^) -u. ^ixhzmm<Dmk 

IlitL. Hfri$ra«{-, nffl«ffi2 0S.O'pMffi®2 2 ^ 

[0 0 9 0] mm<Dwm^im\i. ^»^r^- ^ 
[0 0 9 1] mm 1 ao-'jttifiRi 2 coan^^iitfi- 

[0 0 9 2] ( — If ^^tl, C n 3 fiSW 
50 LTtio 
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[0 0 9 3] -t^:^*,. Zi^h3mm<^'^mitW^ (t7 

[0 0 9 4 1 iiifei?ij<7>iji^f$u— iffi, ifif'p'aEs V, 

L I; ('^H'Sit^-Jt 5 k A/ c m' UiJV^T, j^Eft 4 2 0 
n m<DmM6M^mmim hixtzo 

[0 0 9 5] --fi. imm I'Siif imm 2 <r>^T^vf\y- 

[0 0 9 6] 10 

3 aS<75|it#rel<7)«L^!!iatrrffe(Ii5V^T. S I M S 

g) . tR* (H) , m.m (C) . il« (O) 0#!i|Jg53- 

[0 0 9 7] *Sfe0!l«|^l±, a 2 (a) t-^-TJ:^ 
IC, Mgii?IS75J?S$:^[^]lC}&o-C#^5X 1 0"cm-'-e 

TPl ( 2 X 1 0 ' * c m- ^ ) WT-e* I) . fifeftSftas-e 

ffi75'"^R^ I*I-e 6 X 1 0 " c m- ' flKT— ^-CJb o /io 20 

ttz. mmm<DmMt. ^«i^^75«i^tBTiM (i x i o 

[0 0 9 8] it^l^J 1 aO'ifcKFiJ 2 (±. 02 

(b) ii^f idi:. MgiftSi;MLTi±. g*:$!i3ilOmr 
f^!C;J-75-^t>r. lliS^J<7)K#i:|B]^«H*^5 X 1 0'" c 

[0 0 9 9] 4 ^c. Jtlx^iJ 1 Rlfimm 2 li, g^^ifiam) 
7k*ii5^***^4 X 1 0'" cm-^T-^feo;^^o S/^, Jt 

ic0ijisf/Jtixi?ij2i±. ft^M^af^ic. ii^mmi)K 

fiS:«ail*ia5trli^tBTPl (2 X 1 0'" c m-^) J-J-TT'*) 30 
ofc34^ ^RSft^M-e(±|^j3 X 1 O"" c m-^ tifeo 

3 0 5J-flnx.T^). ;5gS^S^®-C-t± 3 X 10" cm-'g 

[0100] ? jt^c^ij 1 :5.?/Jt^i5ij 2 1±. mm. 

HU(;, ;^«i^lJK/4*)jS:ftll*IT'*^3 7 X 1 0 " c m-' T— ^ 

(C. ;^«i«|)S75MS^ffiT'8 X 1 0'^ c m-'fi)S(Cii 
SDLTV^;^^o ifz^ JtlX^JlS.iyfit$^i?IJ2T'l±. ^iJLS 
H«C0^^illtl±1taiTIS (1 X 1 0'' c m"') WTT-* 40 
o;t:35^ j^ftSaaf^ti^ffif-f iST-l^j 7 X i 0 '* c m" ' ^tfiJ 
^ixtzo ^rio. ^<7)Sfe5!!:Sf^W^«iSK<7)*^7X 1 0'* 

:i;ii.J; !?^^3ltim±t±iS''^fi^/T^-ro 
[0 10 1] \:Xk.(n-^mm^ii-h. pmB-Umhtahn 

(- J: 0 pSfl:^-«^-2.Jt$JeRI 1 S:t>'it^C^J2 T-(±, 
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ho 

[0 10 2] --n. :$:|&Wi-'^.S*SSCTwR#T-l±. fiK 

Mgir^-g-r^TK^A^Mv^coT-MgTS^siieLaftLic 
«*te<L, *«tcj;-&Mg<7)^isi±-fki:. j^^acm 

[0 10 31 1-4-^5*.. 2^*^fe<7)ff^^{cJ;i^(^, 
^, pSteig^Wp°nH*l*]±$-e. Il^^^-f^- KUJt 

[0 10 4] tfz. 2f:*#fe<75ff^.i^tcJ;^t(f> i^-^-'JT 

t LTS^^'X^rfflvv *^-7i^T-v'>A (Mg) 
■a-^LTv^^cOT-, ^S#:^4'<7)Mg{Cov^-r(±a^:^' 

;^UJ; OfSttfb^ffiitL. Jif4-**x 4^ COM g(r ovarii 

e4'(CiaA$-*l,<1--?><7)T-, J:i9-e, MgcOfSttfk 

[0 10 5] ^tz. :$:*JS<75ff:Jli(cJ:n(i\ a«:*'xco 
j^fttLTIi. **:**X(7)istac>5f§;n;Ml 2 Sfgcofa 

< TMg«7)l^.f2i.*-p!.o^|fc>id5(f f,^x<i,fiS;ft#H^i: ^ 
[0 10 6] tfz. *lliS&<75ff^«gtcJ:itlf, pMI 

Aiy Gaz Bl-x-y-z Nm Pn A S 1 - n - ., (0<X^ 

0^y> O^z. 0<x + y + z^l, 0<m. 0^ 
n. 0<m+ 1 5:^tf) S^^SJati: LTI±. 5 
0 0X:7iMl 2 3 0'CcOt5fflF«5(C*-2>'^-C% 5 0 Oti 
19 t fiST** o T fig* cf. (I p Mfiigwtf e> ^1 J5r V vj^jg^ 
1 2 3 OtJ: ^) ^)iS?a-r-$)oTS«F^:^B^B(7)t#t> 

^m[-x^hfzify. mi&tfzimn^ 

[0 10 7] (^2cr>nm<^mm) ^xiz. ^^m<r>m2 
<Dmm<Drmiz^^h^ni^u-^'i,z^\.^xm.m-rho 
[0 10 8] m3ii^(r>^mi^i--'^'<r>m^i7F-rmm 

(C, /N'y 7x^3 2, nMGaNS3 3, nfflA 1 G a 
Nffii£v±A@ 3 4. G a 3 5 . #miii:T-#ptgii 
(MQW) <7)im.mmm3 6. GaN^37. pSA 1 
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G a N'iSiljiA^ 3 8 ji^ffM? ^xTv^-Se 
[01091 :iT\ ngJ a l G a N'®mA^ 3 47b 
SpMA 1 G a N^LSArj 3 8 l±, ^MiJi<^G a 

( 0 1 1 0 1 ^hl.Z, pMA 1 G a N^itviA© 3 8 S. 
?migfit<OG a NS3 9C7)±(C(±, p^GaNS4 0S 
?>'paGaN3>5'^' iTi^'ff^BK^nTv^^o 

[Ollll pfflGaN=7>5'i' hS4 1±(C(±, pH 

©tti^^t^'-nMG aNe3 3±(c:±> nffl'Sli4 2;<>^'ff^ 
[0 1 12] ^Xic. W±c^J;^>5:*i^f$U— f^iJii:^ 
[0 1 13] tr. -y-^r-f r^3 1 l±. *^?§«ti3 

xim.\.zxoxmm^ivfzm. Moc vD^fi(7)jns?:"Br 

<7?yfEfiT'irL$;fi5:7)^''b, i^S 1 2 0 0t:T-|^3l O^m. 

■y7rl 3 2 75JffM^ii'5>o -ict^iaJt^n 1 0 0"C*tr 
^S^n. TK^-^n 5L/:9-. a^A^'SL/^J-. TMG 
Tin 0 0 c c /$3-. T>^-T75«i 0 L/:3-. ->7>^^' 
5 c c /:8•coi;1tfl:-C-?-^^-e'^^?:<] 1 B#Ffli/t # ^xT . nMG 
a 3 3 2,um(Dm^ t^ffM ^ir^o 

[0 1 1 4j zixiz. jas* 1 1 0 ox:x'^WLtzms. 

T\ TMA 5 0c c/53-<7>);tfi^*tJ 1 5 ^S-faWnx. ^ t 
ICioTnSA 1 GaN'll!iaA@3 4-^^i'j5 0 0 nm 

1 0 »m(^m§r-G a NS 3 5 2 0 0 n mOlJ^ 

[0 115] ^#:{C, TMG<7)tt*&75*f?±$ix, 

8 orST'Pf^a^^ir^o icOj^KT', TMGTjn 0 
c T>-t-T7!in 0 7K«74^*3 0 c c/ 

g*75^^^19. 7L/:8-«t?a. :1(754>I;TMI /i>^ 
■AS. 1 4 0 c c 1 1 5 c c X»t(Dm.'^-^r'^'o 1 . 
5 55-ro 2 0 (9 il ») # X. ^ itT«^^ ^ ftffe 

(Cl 5 c c 3 ^t.?> ZtizX^K #-Sffl: 
i^#Pf»ji (M Q w) (r>im.m vM^ 3 6 75M ? a o 
[0 116] ^^^U, 7K«*M 0 c c/53-> 9. 
9 6 L/:8'. T>-t-T75n 0 L/:8-c0i;tST'j;t^n4- 

1 1 0 QX:tX'4^m^'iixm^^ixi>o ^iaet 
[0 117] >kiz^ &m*n 1 0 ortr-f^fe^f y^m^^ 

5 0 0 c c/:0-. S^Tjn 4. 5 L/53-. TMG;5^1 0 
Occ/^, T>^--T7!)n 0 L/^, Cp-. Mg7j«5 
0 c c /:0-<^i;1EM-T-|^j 1 0 ^mmil^^itX. G a 3 
7m^2 0 0 nm<7)IS^T-ffM?:it-&o 
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[0 118] ZixlZTMA^^S 0 c c X'$i-(r>m.UX'^^ I 
5 e,ii.>&^i:(Cj:oTpfflAlGa NW&X 

im^\^tz^ c<7)^;t^.T'S>aiT-p$iaL> mocvd^ 

E^^^^lOaiL. l^acog^tC VD^SF*5T'^®lCiIii2 0 
,am<OS i 02 BETj-fM^n^&o '>Jl^^-4•R I 

10 '>x/N-(±fl:D-'MOC VD^Ert<7)-9--t7'^'-±(C®® 

M*3 0 L/:S-<7)'f -ei 1 0 oriT-^ja^n 

[0 1 19] 'k\Z^ iaSCl 1 0 0'C-C% imif'o 0 0 c 
c /^Q-, M«75n 4 . 5 TMGTin 0 0 c c/ 

^, T>-=e-T*^l 0 L/^, DMZ (->V-f- ;!/->'> 
^) 7J^5 0 c c /'^(Ti'itA.X^^ 1 B#FBltt|&$;iX. i SG 
aN§3 9 1CJ; I) nfflA 1 G a NSijicriAli 3 4 7)>ibp 
MA 1 G a NSutiiAS 3 8 5 T-Tj^SiitSiti: $a^o 
^<7)J;9^iSGa NS^OffM*^ ^^itO^f^i^T'ti ^ 

■f\zim'^wmti: i:-* >f±Ai-^ z.h\z^^ x{'m 

1-^::i:^jorHgT-*^o 7fc*-e(i:2 0 0 k e 

V, 1 X 1 0'" cm-(T>M.XX'^-thZ.hifX^i,^ 

[0 12 0] ias**! 1 0 o'C-ef*#$n/^i 

7K*75?3 0 L/:^T-#.^j 1 ^Wit.^ix^ pMA 1 G a 

[0 12 1] >k\z. ja^Ton 1 0 QX:xuw^ixtzt 

30 mti^5 0 0 c a«7)n 4. 5 L/:S-, TUGi)^ 

10 0c c/:8-. T>^-T75n 0 C p2 Mg 

7)^5 0 c c/53-<^ijfca-e*t)2 7^Fatt*&?ix-C. pMG 
a N§4 0 7!i^#-j9 0 0 nmtOIJJtCffM^^t'So 
{C, Cp2 Mgi)^l 5 0c c/^5-(;i/ti75^~lf1!JD$^Xx 3 
^Fflffi^&S^it'S-liil-ioT. pMGaN^4l75W$ 
1 0 0 nmT-?FM^ix-So tzfzU ^m±mWM<n^^ 

'fkJLmi&^t^riz pm^FBimm.X'^fz^ $ f>(c. 

^;ft<bC0^4 0i3iO-'4 1 ^^ft-r^l^(C(±. 3X10 
40 cm-'gKc7)Z n*ftDx.Ti5< Cttci 0. +r'JT 

[0 12 2] 'XiZ. TMGiJiO'C p2 MgOft^&d^f? 
Jh^^t, mmEMA^MiEitX'm^Ei^ix^o fzfzL. 1 1 
0 0X:^^h3 5 0'CST-(i7K^5 0 0 c c/:^. g« 1 
4. 5 L/:8-, T>*-T 1 0 L/-53-7i-'?l#rc§ftt^^ 

[0 12 3] Z<DXnizLXlfM^ixfzU—*fmMi. 
MOC VD^E34-P>|5l'9tt5L. ^*aOK-^^«i£^^^'« 
50 y ^'ii^f^-fflv^T. nMG aN^3 3JC*tLTI±, P 
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t (m$5 0nm) , Ni (l?$5 0nni) . A u (I? 

^OnpJ'®Si4 2 t L/Cc — pSGaN®4 11i:] 
(C. nSlCP d (m^ 2 0 nm) . T i (Ip^ 3 0 n 
m) . P t (lp$2 0nm) > Au (Ip^ 2 m) 

1), 7X 1 O'-'ncm' y^'^pliaffi4 

ZixhiZTjiLtz^mt. A K S c> Mg> S i . C r 

-So 

[0 12 4] ^^(i. z<7)\^—trm^ii&^m^'hxi^^ 

fz^ C<OJ:TlCLTf^Si$^i;t:4^2Sft:U— 'f(±jgEft4 2 
4 . 7 V T' L § w ^mi;t^Kl± 3 k A/ c "Cab o tzo 

10 1 2 5] ±.]$.Lfziio\zm2(r>mmmm,^zux 
[0 12 6] ^i3. ^2o:>mm.mm<Dmmt lt 

l±. 2ocopaG aNe4 0, 4 1 «-ffMi-'5>l^(7)±# 

±j£L;L-fi£ft*mciJV^T. T^<7)pMGaN 

L. ffi-±^C0pfflG aN)S4 1 <7?ffMH«U, 3£+^';t 
■ff7.^&mi,zmn^k.. LA^^^k. >l(7)paGaN§4 

[0 12 7] afiti, TScOpMGaNl4 OcOBfiEBf 
tCMg*JjSi4fb?:JT.^< T^t.. :R±^C7) pMG a NH 4 

i<7)ffMB#(c, 1 0 ox:tMiELX'^^fz 

tb. hi>Wr>^^mi^^i)^m<r> pUG a NJl 4 O {C-f^ 
m-t^i^<r>tm.m^ixi>o ^iS, ±@C0pMGaN^4 

[0 12 8] (.m3(7)mmmm) >Xiz^ ^^^mn^s 

[0 12 9] 0 4 (i-KT^Ifejfe^'f :t- KWffii^^-riiBf 
Wmxh^o Z(n%it^'i-^-Y\t. nS)<0 2HfflS i 
C»^5 l^'frLTiJl)^ ^5 litlGaNhS i C 
i:*^ : ^-nW^\.tzW^m^2im^^i-\-. T^ffiS 5 
2±{InMGaNe5 3, nM I n G a NH*® 5 4 , 
pMGaNHS 5 75^*C<7)|iiT'^S$ii-Cv^^<, 
^K-/OH±, nMG aNJgs 3 75*5 i . pMGaN 
m'b^im.g-rzh^o pSG aNigs 5)j6;:R4'«0<;^^i+ 

[0 13 0]—:^, pMG aNS 5 SUnc'^BeOfiKfiB* 
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nSGaNesS, 5 3 (^^ ^ 'J TiSS(±<'^-m<(> 2 X 
1 0'* cm"'T-*^o 

[0 13 1] itz. S i CS'KS 1 tZ(±nffl'SM5 6 75^ 
ffM ? p MG a 5 5 \Z\t p 5 7 Ti^ffM ^ 

[0 13 2] ^<OJ;^(cLT^#^J:l^/^#S^(CniiJ:^>' 

BuJElBllitc. p HSIico > i> h igta^rffii^-e # /t: ^ 
10 ic i 0 s ^l-m^if'^%(r)%^ 5 ? a. '(tSS'tt 

[0 13 3] (^4C0||ifewW ^JclC, :$:%^ro^4 
[0 13 4] -t-^:i7t>> :$:^JfecOf^tg(±^ mmmM 

W^fS^iilCJ: '9, pSA 1 G aNmi/tv±All 8S. 
t>'pMGaN=i>5'i' hll 9 ^rfM-f-'b ^> <7)-Cfe-So 
20 [0 13 5] :B:f$:e«J(I(±1?IJx.lf, BuaiBl«l-> GaNTfe 
KBl 7 7)^SfiS:$n/-:f*:. U T:^*X;!(^;!K*;4- 

'bam^C^l[) f>n-2> TMG, TMAS.C/C: 

[0 1 3 6] ^V^T. ±fe«7)V^-ftL;i-<7):;^?itIJ: f), ffi 

±.{cBEtlffML;t:fiS:ft^:^^tcoG a. I n. N^cofR^t 
30 [0 13 7] ^>:tz. a*7S'xS.f/±i£'l*|-:^''x^^-^fl: 

[0 13 8] ^^T% W&mn^z^^X^fz-fy :^-7m\z 
J: i9 X pfflA 1 G a N«wtf±A@ 1 8 S.D'paG a 
> h ^ 1 9 ^ o 

[0 13 9] WMiT7.(Tym^i)^^±,^ix^ StgjS 

[0 14 0] 4- ±5. JJ.TcoaSiffMXfi'5ri:'(±mJ3"$t|^ 

40 [0 14 1] Z.(Dm^^UW\ — -fli. ?=^3 OmAfcv^ 
T t ^ w ^MmilT'Sjajl^imi- :i t Tl^t: % fzo 
[0 14 2] ±.y%\^fzX.n\z^A:(r>mM.mm\zi,ix 

(f> mm-:ryx-7m<r>\mM.m=i-^^^^x. p^a i 

G a NmSityiAS 1 8 5.t/pfflG a N n > :^ h^l 9 
^ i: (c J; I) , a«mL«E^fg:?«T- # , M g 
54*G a<75-9-< h{CA')^<^'&Ci:(;J: 0. l^lW^lfe 
coff^gg i: WimXizmm^'^^ Z. t i)^X' ^ fzo 
[0 14 3] ^J3. ^To r r fISWTO^H^t"t-'5 
ZtizX^l. Ga (Al) N(7)T*>, NO-^-^ hO^TL 
50 **#-<%^L. :i<^N<75-'j-'1' KCMgTi^Ao-C^iSl^ft 



(1 3) 
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(Al) N(ii3(t-5.NC0-9-'1' h<7)^7L75^v^ii'^L> Mgi)' 

[0 14 41 tfz. ^mm(r>mmi±. w.2<r>wm^m 

Ui^'5pSGaNe4 0. 4 K ^3 <7)^iSOJKSUt^ 
-2) pMG a 5 5 Uov^T ^ |Hl^S{C®fflDrt|-e*^o 
f ^:b*>. Cit?>paGaNS4 0, 41, SS^rT"? 

LTIi, fii;1c7°7X-7. i^iaiSyvX-r, -r-f^'Ovgy 

[0 14 5] (^5c7)*«fe(7)ff^^) Ja±{±, I n*^* 
^v»pSGaN,^.^igft:^$-^Si:<7)3>5'^' h^dffl 

mifmt LT. I n ^^isG a N^.#^g#: (In, A 1 
y Gaz Bi-x-y-z N,. P„ Asi-o-„ (0<x. 0^ 
y. O^z, 0<x + y + z^l, 0<m. O^n, 0 
<m+n^l^^tf) ) miMMt<D::i> i7 Vmizm 

^^fzm^<7)^mimmA-^^'xm.m-t^o 

ti±. niiii Lfzm 1 -^2 (7)mmmmt\s]m<D/zib. m. 
[0 14 6] m^ii^^^(r>m^(r>'mmmM^m.it 

nMGaN ( I AU Gai-x-y N{C-Cx = y = 
0)@62, paGaN§63^ pffllnGaN (In 
. Al, Gai-x-y NtCT, 0<x<K 0 = y) IB 6 

4OTi'XffM^nT</-;&o ^cot#jt(cJ;iitf, p 
MGaNSe 3 i:nMGaN^6 2 ttT-p n^^^^'ffM 

[0147] (?^$;^[S](75^*fit)i»S»>f[T) H 5 tC^i" 
*MB^t»jtlCO(.^T. me (a) \zm-tXo\Z^ SIM 

(H) <7)#iSS53-^*lll^Aco ifcf5ofji6fc, * 
%B>^tSiS^^'=p pi«InGaN®64 ^«fB& L^ji£*«i£ 
Uov^-C^>B16 (b) U^-Ti^tw. ?S$:^[n](;-SoT 

[0 14 8] -eo^*, Wimt-hi:>i)^hiio^Z^ pMG 
aN)S6 3 5.f>*piai nGaN^e 4 <7)j5g^(7)M g!^|)t 
75^5X 1 0'» cm-'wtl^, {jg* (SS) ^iitCi^p 
SG a N^OTK-^i^JJt^ig X 1 O'"' c m-'-e**<0(Cit 
^l§B^tSjt«0. pM I n G a 6 4 S.LKpMG a 

Nig 6 z(r>mm<Dim\m.\t()y. i o" cm-'T***o 

0 'C-C' 3 0 *W0t|iii!iS^j!)Dx./jf&0;4c-^i«5Jt t ( J(f[Bl 



[0 14 9] tfz. 
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7K<±L*v^75>*. pMInGaNS 



6 4I±. ^®ig^i«Jlg7»^5X 1 0'" cm ' 
Sffij^«i^Jt75^'5 X 1 0'" c m-nXTX'h^X. 

mA^hmumi'\^ifri^'j'^Lx\'^fzo —15. e&iswps 
GaN@(i, mmmm-i^f^. um^mmm^iz. 

[0 15 0] (C-ViliJ^) a 7 (iJilJicO S IMSS-tff 

^Ml^Lfz^Wz^m-^m-V^j^o *^H>^«it<^pSI n 
10 G a N® 6 4 l±2*'J y ^W#H^-C-fiS;fti-^y'ji6. a 
s g r own-et.®ffij^:c7?pffl^t^^o CcDfc^cO 
pMG a N16 3 l±. H^-t^J: T IC. as grow 

n r'i&mn.(r> p mm t ^ . ( 5 . 4 X 1 0 ' * c 

m"^) tt3fe1tji<7)pMG aN^ (as grown 

fe^pMI nGaN^e 4?r±gt;'fix./c<75T% TiSO 
pfflG a Nie 3 4'•^<7)7K*<7)^'9^4^^75WJ$^^, 

20 [0 15 1] {mmf&) a 5 IC^i-:*:%B^ttjt 

ii. aStC^-Ti^tl. pMI nG aN^6 4{Cftx. 
X. nMI nGaN (In, A !y Gai-x-y NtCTO 
<x<K 0=y) me 5i:M±mizm^TiiX\^\ 
[0 15 2] tfz. ^^mmmii. pMGaNSeSt 
pMI nGaN/S6 4<7)W^-^ painGaN§64J: 
I nCOfiS53-it(7?fi:v^pMI n G a N/i*^f^^E$•^i-C 

[0 15 3] EI9{c^1-J:t(c. T> K-7'iM 

I n G a Nil 6 6 ?r^*^T•paG a Ng 6 3 i: nMG a 

30 NS6 2i:t:-p i n^f-^S-ffM LT J; v^o ^§§^!i> 
pn^t-g-Xlip i ng'g-COV^-ritSriafflLT^) 
[0 15 4] f [31 Olc^-tiTtr, ^M^7*o 
v<oe5:#<7)/>:i6. nSG aNge 2 t-y-^T'f T»jS6 
1 tcTjKlC, G aN/^-y7r@7 1^T> K-T'Xlln 
- MG aN)i7 2 ^fMLT^jiv^o ^fjl^. T>K- 
7*iMI nGaNl66 (DTmK nMA 1 G a 7 3 
^ffML, T> K-^iSI nGaNee 6<7)±)itZp 
MA 1 G aN@ 7 4 *ffML, cnfjWA 1 G a N 7 
■> KS 7 3 , 7 4 fc T > K-y i a I n G a N§ 6 6 i: 

40 "C'p i nS-g-^-ffMLTi iv^o 

[0155] (^6 (Dmm<Dmm) m 1 1 

mmn^^^-t^h<DX'i)lO. ■'i-Tr-TTSIgS 1± 
(C, T> K-7'G aNTMSS 2. nMGaN='>^'^' 
hS8 3. r> K-y^I nG aNiStteS 4at>'pMG 
a N'lgyEaXS 8 5 Ml^^cffM^^Tv-^o 
[0 15 6] * pfflG aN^i;t?£Ae8 5±(::ii, 
m^<^ nfflG a N-ai/tJ^^^S 8 6 74*ii*?fitj(CffM^^T-T 
50 v^'&o tfz. pMGaN'.a«tv±A^8 5±St>'nSG a 
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N'.£jrL^9gg8 6±llt±. pSI nG aN=i>5'^' his 
8 7Amf&^iXX^^&^ 

[0 15 71 ^^{I, &.±(DXo^j:'S.htm^m&i^-ri> 

[0 15 8] :L<r>m.im^^^^^mi-\i.. 012 (a) 

ic^f J;tIC, 1 [a]a<7)M0CVDgS:S{CJ: 0> r 
-1'TS«8 1±{C, T> K-yC aNS8 2. nSG a 
TV K-yGaNfStteS 4. pSGaN'S 
afEaA® 8 5, n SG a NKitS^^^S 8 6 tS-'IsJ— f-^ > 
^^'-|*I•r-3IM6tltcffM^^^Tv^^o -ecofi. [gll 2 

( b ) H^-t ct T (C, n SG a NSi/t^??® 8 6 i)^^^ 
mzJ:.-/^>if^.i:^ix;ho L^^^^k. 012 (c) IZ 
Tjki-Xoiz^ 2|5]Sc7)MOCVDfi)tft (H^ft) (CJ: 

[0 15 91 pfflK-/^'> KC(±, MgXIiZ n 

[0 16 0] ii}.±(Dm^:f;mzx^t. m&mzxioB 

izimm-imRVimmimi^u ^mm.i^i't ^> 
fiist/Lcopagt^^o 

[0 16 1] ifz. imSlCfiSS^iirfjpSGaNSijit 
y£AS8 5<?)d*>, ±SW nSG a Nffiotrn i'g 8 

6 m^.^^i^fz^^. -t^^ioibWf&Mmzmm^i^i-xy 

■t-/9iSk^A^3 X 1 C" c m-'OpfflfSlfiifllBT-^o/j 
(S 1 MS:8-WcoS*x Mgi^JSli2 x 1 O" c m"'r- 

[0162]—:^, pMGaN-aitviAeS 5«^t>, 
nMG a NUiiyo yi^mse X-mt>ivfz^^im^S. 

[0163] ±.i^Ltzi.^ ^z^mmi^^z J: ixit. 

[0 16 4] immm ^riS, ^^iteff^^<^tSit(±, 
HI 3(l^1-J;o(l. -y-^r '1'TS1g8 1 T> K- 
7°G a NTttIi 8 2 tOFfllc, G a N^^-;' 7 t@ 8 2 a 
^fSltr^iu^o HI 3ti^1-J:otc, T>K- 

7*1 nGaNS1±@8 4i:naGaN3>5'i' hg8 3 
t <7)Fb^(C, nMA 1 G a NSiTMfA^ 9 1 SrKIt-?. >^ 
tc, pSG aNa:!taAe8 5{cftx.T, pSAlGa 
N€i;tv±AS9 5 ^fix.T^j iv^o tfz. pMGaN« 
i;1tf±AS 8 5XI± pMA 1 G a N'aijKviAS 9 5 cow^-f 
^tT-i{), n^G aNm;jS^?^S8 6Z(±n^I nGaN 

[0165] (^7 (Dmrnmim:) m \ 4 n^^mfom 
7 (r>mmmm \z^^i> 1^ - -if ^ ^1- »f® la 

-e*) I) , H 1 2 S.t>Tl 1 3 t iB]-S|5^(;(±(Bl-|f-^^^^ 
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l±tl> G a N>'<y7Tl3 8 2 a, T>K-yGaNT 
*e82. nSG aN3>i'5' 3. nSA 1 G a 

N'.a«ili±A© 9 K T > K-^G a N**-T Kig 9 2. M 
QWffijt<75T> K-T'A 1 GaNig14@9 3, pSC a 
N^-f 9 4 , pMA 1 G a NSi/taA^ 9 5 , p® 
G a N^gi;t?±A^ 8 5 7)WM:5^$^^T^/^-5)o 
[0 16 6] pSGaN'ai;tffiA@8 5±tcii, nfflG 

pSG a NffiijfL?±A@ 8 5±afel/(c nMG a N'Sit?*?? 
10 S8 6±{C{±, pSI nG aN::i>-5'^' h^8 7 75^'ffM 

[0167] pSI nGaNnv^'^ he8 7±[C(ip 
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g9 6 7i^ffM$^tT</^-2,o 
[0 16 8] '^{C. a±OJ:^^riiiig^^:^-^f<7)S^ig;^ 
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0. 3;um)?WnSAl, Gai-q N (O^q^l) W 
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@9 2, I n« Ga, Ali-.-y N;!»-f>^^|gttitl? 
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94, 0. 3//ml¥cOpMAU Gai-, N (O^q^ 
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30 AS8 5> 1 ,(i miP<7)niyG a N (Al, Gai-q NT- 

q = 0 ) mmmm s e j: 19 am ^ ^t-s. o 

[0 17 0] >&i3. na<75^Mt>^S(±-t/v7> (S 

1 H4 ) (TJigAlci ®aftlJffll$>^i^o [Wlttlc, pM 
<0^#ifi!t^^S(± If X V ^ n ^ > 5^ v Ji— -> -t/ A 

(Cp2 Mg) (D^'Xi.zxv)^ ifiS:©J^3$^^^o 

[0 17 1] HIS (b) IC^^-TiTlC. nMG 

a Nmi/t?^?^^ 8 6 ±.^U^mz/^9-=. >iyL. J^- y 
^ > 9'^\z J; p SG a NWitaA^ 8 5 k^MmzU 
m 'S-^^ i n \Z^9^mz n MG a ^Wit\B.^m 8 6 75«7>^ 
40 ^*$n^o 

[0172] ^ /-J, p SG a N^i/taA® 8 5 JiafeO'tC 
nfflG aN«it^5t^8 6±{CI±, Hi 5 (c) (-^-f 
J:t(C> MOC VDffitCJ; 0, 1. 5 ,u ml?cO p S I n 
GaN (In. Aly Gai-.-, NICT. 0<x^0. 
3, y = o) =!> 9 9 hms 7:im^^ni>o ^<Ot 
6£ft}^(±7 5 ot:- 1 1 0 ort Lx mm-if^<^ 

[0 17 31 ^C:T% 'i^hixtz'^ :^^MiUOCV D^A- 
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[0 17 4] ^^IC. -9-7r -f T2£1g8 1 l±, G a N,?.^^ 

Sf*^ 8 2 a - 9 5 imm Lfzm t wjm<r>m(r>wim^ 

[0175] [316 (b) lZ7F-rX^{Z^ nSGaNn 
>i'i^ hes 3±iCCTx.JfT i -Au^(7)^Jl(Cj:^ n 
lgiMii9 6 75-lfM$n^o L^i^^f^, vxi^cos i O2 

016 (c) iZT^-tXniZ^ pMI nG 
aNnvj'J' mS 7±IH5lJx.:fP t, Ti/Au, N 
i ^ ^ p ilj-a® 9 7 ^^'ffM $ o 

[0 17 6] Cit-. pMInGaNnv^'^'h 

18 71*. mmmmi&mf)^ 5 x i o ■ * c m- ^ j-jitt-* 

0 > Sffi^^iSSTi^ 5 X 1 0 ' ' c m- ' mT-e* I) . fSJS 
[0 17 7] ^^7)J;^t;^#^>;i^;t:•:7Jl/Mi;?.;5'7'^7'^ 

[0 17 8] Zff)^ig.^U-^'li. ^iSft4 0 0 nm 

(0 1 7 9] ±aL;^cJ;9lc*^ifeff^S(iJ;it(f, 

^mmmmAzxiu£. 'iit^<Dm^^^ f m-fs. 

[0 18 0] ioT. iiHe<jni±g>:i!a!iSi^74^te< ^^/^ 
[0 18 1] ^H<7)^*i^s, mmi&mtrmmx' 

T-§. gjf'^SE^f&T?-*. '{)oT. §&^}^ft4 0 0 n 

[0 18 2] pMK-/Oh<0fl|g (Mg 

^) . pMl nGaN3>5'i' hS8 7<7)SiI? (5 0 n 
m-1500nm) -^I n <7?g6:53-Jt x (0<x^0. 
3) . ^^')Tif:^cDmm (****X^T>^-T?r-g- 

{WMiTT. : 7K^*-X= 5-125:1)^ t'75«ilt;)3^ 

[0 18 3] immjs.) ^j^is. ^mn<r>m7<DmM<D 
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ff^^li. HI 7J:;^-tJ:9{c, 1 HifTJfiitgiiisit^ p 
SG a NSi,tv±AS 8 5 Tii^'^fB&^n/^tgiiT-^Jj^v^o 
O^^. 2llg<7)B!tSlcJ;0ffM?^i-'Se«±. laistr 
^-fiod. pSGaNSS 5 atpSI nGaN=7> 

^'J' h^8 7 to:>2mm^X'i>^xi>^y^-o 

[0184] (^8 (r>mmmm) -Xi^, ^^^<^m 8 
[0 18 5] m ^\t:z(D^^^]y-'^'(DW-.m.mfmwL 

10 HLXWim-ti>o ^<7>#29f$:U— 9-'i±> /SJfr^iejMi 

K-7'G aNTAk^8 2. n SG a N 3 > ^ 8 
3 . T > K-7" I n G a NiStt© 8 4 S.t>'p SG a N'B 
vtf±Ae8 5 7)^')ii:^MM^^tTv^So 
[0186] p ^G a N«irLf±Ae 8 5 li. -y -f- 

19 y v^^'ffM^iiTv^^o i;^^. pMG a N 
mi/tv±A§ 8 5 li. >; y vJ-J.i'i-<7)a553-±i;ttl^« nS I 
n G a \^mrL%m^ibm 9 8 7b<ii*?e<J(CffM$;!x-Ci.^ 
-So t /I;. pfflG a NmtaAS 8 5 CO'J y V±.mfn 
20 MI nGaN^Wiii6^9 8±tC(±. pMInGaN^ 
hg8 7;5«fM5^^^TV^-£,o 
[0 18 7] >^C(C. m±(7)J;9;SrSt/f^i9zKS«^*W 

[0 18 8] ^<7)#ie^U-Hf(±. 1112 0 (a) tc^i" 
i^tc. l[i]a<7)fiKft{lJ:0. ■<f7T-1'r*^K8 1± 
(C, T> K-7'G aN@8 2, nfflGaNg83. T> 
K-T^G aNrStt)i8 4. p MG a 8 5 75^~|ffl— f-^ 
>yN--|*I-C-iS^6<3lcffM$^x^o -eof^, 112 0 (b) 
30 {zm-tX-o^z, pMG aNBS 5*^^a5t::^-yf->i'* 
l^*$:ltT'; v7)^ffM^^x-£.o i;^^, E12 0 (c) \z 
S^-fi^C. C:(75'j yvitCliS i O2 ^0-^X^9 9 
trnff^. $ o niainGaN)i98 

(2[ilg(7)^S) {CJ;0. S i O2 ^<7)-7X^' 9 gti-^J- 
cOpMG aNg8 5±fZil#?fi2:*^^t-5.o ^(7)f^, 
^ 9 9 7j^l^*^it. 3[llBOJS*lcj; I). [12 0 (d) 
pMI nGaNa8 7*^pSGaNS8 
5<^'J ■7>''±S.t>*nMI nGaN@9 8±(CffM^n 

40 [0 18 9] j.:i±<7)j; n ^j:mv\mmm.mmt lt^j. 

Si/ti^5tSigi:|B]^{ZpMl nG aNnv^'^r 7 
-Xy^::i>9^ V i:'i^hix^tzef>. ^7fefSft4 0 0 n 

[0 19 0] (mmm ^^a. ^m:mm<r>\n^ii. 

(12 1 ■9-7T^Tffi^S8 1 T>V- 

7'G a NTtfl®8 2 tcOPsllC, G a N/< y 7 8 2 a 
5rlS:(tT^j J:w»o i/::. [1 2 1 U^i" J: o (C, T>K- 
50 T'l nG aNiS14@8 4 nMG aNnv^'i^ h^8 3 
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t<Dmi'. nmA I G a N'Si/triAS 9 1 ir^lf^t^ 
ic, pMG aN®i;1i}±Arj8 5i:ft:;i-C, pSAlGa 
N^itv±X6 9 5^fsx.-C^><tw^ tfz. pMAIGa 
N'ay£v±AS 9 5 imx.fzi§^. n S I n G a NTfeWii 

^ 1 ) ±mihebm 9 8 ICiJV^T. I n <r>f&^it xiOt 
LT^)i^^o nSG a N^f$ffli*"r. pSA 1 G 

a NmtviA^ 95(Cn^InGa N7fer7fli?ii6S 9 8^ 

[0191] (^9 (7)nm<^MB) H 2 2 t±2|c|gB^(^^ 

-e^f). 0 2 0S:f/[12 1 i:l5|-ge5Mc(±|5]-??-t^ft 

l±iC. G a N^<y 7t§8 2 a. T>K-7'GaNT 
*)182. nMGaN:i>^'i' hB8 3. nfflA 1 G a 
Nm-otviAli 9 K T > K- yG a N ^^'-f Kg 9 2 . M 
QWfSitcor > K--:^A 1 G a NiSttB 9 3 , pSG a 
N^'-T K6 9 4 Rl/pMA 1 G a Nmii£?±A® 9 S-^m 

[0192] p S A 1 G a NmitfiAg 9 5 iliilW-^:- 
■yf-V^^lwi 'J y vA*ffM$^T.TV^^o pSA 1 G a 
Nmi/triAg 9 5 li. 'J y vjan<7)a5»±l-^li5:<7) n S 
I n G a N«i)iE7l£ffla*@ 9 8 ^mK&^iZlf^f&^ixX\^^ 
-So ^ /w% p S!A 1 G a Nmj;tf±Ag 9 5 O 'J -y v±S. 
y-'nS I n G a NTfeWiii^g 9 8±{CI±, pMInGa 

[0193] pSI nGaNnv^'^' h@8 7±(CI±p 

7>^Sai$:Ji/jnMG aN3>:5'^ h)S8 3±(Ct±nffl« 
@9 GTjfffM^^lTv^^o 
[0 19 4] JiJl±c7)J;^^ri|i2gft:l/-^f<7)^ii:^ 

[0 1 9 5] Htrj^|H]«|{C[II2 3 (a) tc^fi^tc. 
^r-f 7»;K8 10±ir. MOCVDfttCt 19. 50 n 
ml¥(7)7 V K-T'G aN (In. Aly Gai-.-y NT* 
x = y = o) ^N'y7rg8 2 a, 2 ,« mJi:<7)T > K-y 
GaNTAbg8 2. 4 ,u m)¥<7) nSG a N ^ > J' h@ 
8 3. 0. 3 ml?<DnSA 1 g Ga.-q N (O^qS 
1 ) '«i;ty±Ag 9 1, 0 . 1 ,u m)¥<73T > K-^G a N 
if^m9 2. InxGay A 1 !.<->• N75>e,^>l,^W 
^1? 0 . 1 m<7)^Sa^^#ptIii75^ f> T > K- 7" 

1 nGaN?S14B9 3, 0. I ft mf^<D p MG a Nif ^ 
Ke94. 0. 3 ;u mBcOpMA U Gai., N (0^ 

1 ) ^viAS 9 S-^m^d&miZX OffM^n^o 
[0 19 6] 'jclw. 112 3 (b) pMA 
1, Gai q N (OSq^l) mitriA^ 9 5±(rS i 

02 @9 9#<0/N-J'-^>^^S.t>'vx + >y7!i%$.n, 
iy^>r^lZ<t 0 pfflA Ig Gai-q N (O^q^ 
1 ) SiytviAB 9 5 A^il*^fitJ ICiitf 4 T-l^* ? n-C -J y 
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[0 19 7] rc^/^T, 12 2 3 (c) tl^-Ti^U, iiJ? 
^fidi f) pMA Ig G ai-g N (O^q^ 1) «ij!E?± 
A^ 9 5 <0 y via^i-C0§r)5t±!; n S I n , G a . - . N 
(O^x^l) 7feKji*6^9 8^^2111 ScoffiSiCi I) B 

[0 19 8] tfz. pSA 1 GaN«};taA^9 5c7)'J 
•y->'±!Cj3(t^ S i O2 S9 9^(7)TX^'75^|^*$^i 
*o $f>«;> MOC VDStCJ: 19, 02 4 (a) IZTj^ir 
10 i T IC, p MA I G a N'ai;ty±AS 9 5 cO 'J y i^±Rr/ 
•?-c7)Mi](7)nfflI nGaN7feWii*i))S9 8±(C, 1 ,a m 
lpC0pffl<0 I n G a N (I nx Aly Gai-.-y N. 0 
<xgO. 3, y = 0) ^8 7^«fM$^^-2.o ^J3m),m 

mmz. zco t^cDi&mi^ii 7 5 ox:-~i 0 0 ox: t 

[0 19 9] 5:iTm:Mmmz. CO-^ jL^Nti, 132 4 
(b) II^-Ti^lC, ji^f?e-I(-nfflG a Nn Vi'^' 
8 3 *-e3tt-'5j^$tT'-3^v^>i^^^i-/if^, ^yr-i 
20 r*jg8 1 Ti^we^ic J; 0 10 0// mfIg<7)ll?icffM 

[0 2 0 0] E12 4 (c) (C^-Tiol-. 

nSG aN3>;5':5' hg 8 3 ±tc n1IIJS^19 em^^lSi.^ 
iv. pMI n G aN=i>'5'^' ms 7±lCp1iJS®9 7 
75-*?f^fi!c^i^^o #«M9 6, 9 7 limfj-iElBl^tTJW 

[0 2 0 1] -B^l#^Tf*<7)'t'^^M±, mrifil^Wi^, 

30 V-r-V-I^Vf-'-f >rf*. ^-JUr'-f ^figfpCO 
G a N,f.U— if^Pl^ix^o 

[0 2 0 2] CcO^igft:^— <f{±, HUjiElH];^!- p S I n 

GaN3>^'i'he87 m^^m.^m:?'&.'mmm.x: 

^i^A 0 0 nmiZX^L^^mX-mm-t^l^md:^ 

i%^zti!)^X'^rzo 

[0 2 0 3] ±izE J; T iiz:^nmfmAz X nix, m i 

(r>'mmi^,<^n^\Zly&7^. pSAlg Gai-g N (0^ 

q ^ 1 ) S 9 5 <7) 'J y vSBi: 7 vm:x>^\-(D'm:m.m\z 

40 ^i6, nfflOI n. Gai-x N (OgxSl) g98c7? 
/<> K^-V-y T'-x^ob^-^TV K-yi nG aNrStt 
S9 3cO>'<v K^^ yT'J-^^^l'^-J: '9/h$ <t-'& J; ^ 
\zmL X J; 19 , mi/tft^gMtgii/iit-C'S: 

[0 2 0 4] (jtfeco^JSff^^) =5ri3, 2f:§§B^|±, {gjtl 

\z^ ^^m^mM(nm.mm.hm.mm.hi^m\:\^x 

50 •:iy9'7 YmrL^'^'P^^^ii^^^m^^m^-^^fz^^ 
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